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a b s t r a c t
The objective of this study was to relate behaviour change mechanisms to nutritionally relevant behav-
iour and demonstrate how the different mechanisms can affect attempts to change these behaviours.
Folate was used as an example to illuminate the possibilities and challenges in inducing behaviour
change. The behaviours affecting folate intake were recognised and categorised. Behaviour change mech-
anisms from ‘‘rational model of man’’, behavioural economics, health psychology and social psychology
were identiﬁed and aligned against folate-related behaviours. The folate example demonstrated the com-
plexity of mechanisms inﬂuencing possible behavioural changes, even though this only targets the intake
of a single micronutrient. When considering possible options to promote folate intake, the feasibility of
producing the desired outcome should be related to the mechanisms of required changes in behaviour
and the possible alternatives that require no or only minor changes in behaviour. Dissecting the theories
provides new approaches to food-related behaviour that will aid the development of batteries of policy
options when targeting nutritional problems.
 2012 Elsevier Ltd. All rights reserved.
Introduction
Nutritional factors contribute to the risk of many non-communi-
cable diseases aswell as to being overweight (WHO report, 2011). In
addition to overconsumption of food and suboptimalmacronutrient
composition of the diet, deﬁciency of speciﬁc micronutrients can
create negative health outcomes, such as anaemia or hypothyroid-
ism. Conversely, optimal intake ofmicronutrients is believed to pro-
mote health and well-being, even if the effects may not be directly
perceivable by individuals. Recommendations on micronutrient
intake aim at providing a reference point for adequate or optimal
intake and reaching this intake can be regarded as a desirable goal
within a population or sub-population. Setting these reference val-
ues is a complicated task, but even if these values are taken as given,
identifying the determinants of intake is also difﬁcult. People eat
food, not nutrients, and making the link between nutrient intake
and food-related behaviour requires two processes going in oppo-
site directions; these processes, however, are not symmetric. The
desired changes in nutrient intake have to be translated into neces-
sary changes in food intake, but to translate changes in food intake
back to nutrient intake requires understanding of the mechanisms
of food-related behaviours that are mostly governed by factors
independent of their nutritionals consequences (Steptoe, Pollard,
& Wardle, 1995). In this paper the latter process will be unravelled.
From a nutritional point of view, the same micronutrient intake
can be reached in different ways and the total composition of the
diet (including supplements) determines how well individuals
within the population reach the recommended intake. If dietary
surveys suggest that current intake is a possible cause of negative
health outcomes, policy makers need to consider different options
that could improve the situation. One such option is the possibility
of inducing changes in individuals’ food-related behaviours (either
as a single strategy or as one part of a broader suite of measures
such as for instance fortiﬁcation initiatives). Changing behaviour
requires that the relevant food behaviours are identiﬁed and their
determinants understood.
Folate was chosen as the target micronutrient for this paper,
because folate intake is currently widely discussed and offers a
useful arena for demonstrating the complexity of behaviours that
can be related to increasing the intake of a single micronutrient.
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There is an additional requirement for folate before and during
pregnancy to reduce the risk of foetal neural tube defects, such
as spina biﬁda (Locksmith & Duff, 1998). Current UK recommenda-
tions, for example, advise adults to consume a varied balanced diet
in order to maintain adequate folate levels, whereas women of
child bearing age are advised to take a daily folic acid supplement
of 0.4 mg from the time they stop using contraception to the 12th
week of pregnancy (Food Standards Agency, 2003).
Traditionally, desired behaviour changes are induced by aiming
at individuals’ voluntary behaviour changes via education or social
marketing campaigns, with much less emphasis on the environ-
mental prerequisites that may promote desired behaviour changes
(Hoek & Jones, 2011; Michie, van Stralen, & West, 2011). Related to
folate intake, there are recent studies on testing the effectiveness
of campaign messages (Lindsey et al., 2009), of radio and television
spots in promoting supplements for women (Warnick et al., 2004),
or promoting intake of folate among vulnerable consumer groups
in Florida both by education and by providing folic acid supple-
mentation (Thomas, Hauser, Rodriguez, & Quinn, 2010). Indeed,
there is evidence that food fortiﬁcation may be a more effective
way to prevent folate deﬁciency and its negative health outcomes
(Solomons, 2007).
The objective of this paper is to relate behaviour change mech-
anisms to nutritionally relevant behaviour by using folate intake as
an example to demonstrate how the different mechanisms can af-
fect attempts to change these behaviours. First, eating behaviour in
relation to micronutrient intake is explored in order to recognise
the possible behavioural changes that have an impact on folate in-
take. Second, appropriate mechanisms of behaviour change are
identiﬁed and extracted from different theories and models and
then aligned against the possible impacts on folate intake to illumi-
nate the possibilities and challenges in inducing behaviour change.
Finally, the applicability of these behaviour change mechanisms in
changing micronutrient intake through voluntary behaviour
change is discussed.
Micronutrient intake and food-related behaviour
Although appearing deceptively simple, food-related behaviours
are complicated actions governed by a mix of cultural conventions,
social interaction, individual perceptions and physiological inﬂu-
ences (Blake, Bisogni, Sobal, Devine, & Jastran, 2007; Rozin, 2007).
Sobal and colleagues (1998) divide the food and nutrition system
into three subsystems: producer, consumer and nutrition, pointing
out the separate, but closely interlinked, systems of food acquisition
and intake. Overall, micronutrient intake is a nutritional measure,
but several steps are required in order to reach a certain intake.
Having become aware of the need to increase the intake, the poten-
tial sources of the targeted micronutrient must be recognised and
then it must be assessed whether and how the intake of these foods
can be in- or decreased in the diet (Fig. 1). Furthermore, the link be-
tween food and nutrient intake is complex asmany food choices are
interrelated and not chosen in isolation from each other (Sjöberg,
Hallberg, Höglund, & Hulthen, 2003). One food added to the diet
may replace another, or the omission/addition of a food often eaten
in combination with another food would subsequently mean omit-
ting or adding the other one as well. Thus, the net inﬂuence of a
seemingly straightforward recommendation to add a single food
in a diet may result in lower or higher intake change than antici-
pated. Changing the intake of one micronutrient is challenging,
but in reality the intake of several micronutrients must be consid-
ered to make sure that changes linked to one micronutrient are
not counterproductive in relation to other micronutrients.
The process of eating behaviour leading the micronutrient
intake is presented in Fig. 1. Foods available in the choice situation
determine an individual’s access to particular micronutrients. The
preparation required before the food is edible may, however, also
inﬂuence the micronutrient content. For instance, storage and
preparation methods may decrease the amount of micronutrients
in foods (Fillion & Henry, 1998; Severi, Bedogni, Manzieri, Poli, &
Battistini, 1997). Eating occasions vary from unstructured to struc-
tured: e.g. for snacking there are few rules about what should be
eaten and when, whereas meals tend to follow predeﬁned conven-
tions and rules related to combining foods and scheduling meals
(Blake et al., 2007; Mäkelä, 2001). Some suggested changes in
choices may ﬁt into existing practices whereas others require
major modiﬁcations in the composition of the meal. Exchanging
one type of vegetable for another may be easier than adding a veg-
etable as a second side dish to the meal, because the latter strategy
may require omitting another option from the meal or putting
extra effort into preparing an additional component to the meal.
Table 1 lists examples of behaviour changes that have an impact
on folate intake.
Eating behaviour is further complicated by individuals eating
varying amounts of the purchased and prepared food resulting in
an uneven distribution of micronutrient intake among household
members. Furthermore, some of the food bought is not consumed
and the waste can vary across products. It is estimated that in the
UK up to 6.8 million tonnes of the food bought for household con-
sumption ends up as waste, particularly vegetables, fruit, and
bread (WRAP, 2009).
One way of bypassing the complexity of eating behaviour is to
opt for micronutrient-containing supplements. Yet, paradoxically,
the use of supplements seems to be more common among those
whose dietary habits can be categorised as healthy (Dwyer et al.,
2001). Thus, though seemingly an easier route to provide micronu-
trients to consumers, current practice suggests that those more in
need of supplements may be unaware of their need, or of the pos-
sibility of supplementing their diet in this way, or they may lack
the motivation to do so.
In summary, when considering possible policy options, the fea-
sibility of obtaining the desired outcome should also be considered
in relation to the mechanisms of the required changes in behav-
iour. To have an impact on micronutrient intake, not only should
food choice behaviours that contribute to the accessibility of good
sources of micronutrients at home and food services be targeted,
but also the determinants of intake and food-related practices in
households. Although supplements may offer an alternative, sim-
pler route to complement dietary micronutrient intake, the possi-
ble barriers to this approach should also be considered.
The present paper explores how to achieve an increase in the in-
take of folate, especially among women of fertile age, by voluntary
changes of behaviour rather than by changing the food supply (e.g.
fortiﬁcation). After awareness has been raised, the required
changes include a wide range of separate actions in purchases
(choice behaviour), eating patterns, storage conditions used and
cooking methods (Table 1). Because individuals vary in their eating
patterns, the changes required and the need for supplements will
also vary across individuals. Changes in different behaviours differ
in their efﬁcacy to increase folate intake and the impact of the
changes needs to be assessed against the feasibility of the behav-
iour change.
Behaviour change mechanisms
Inducing changes in food-related behaviour can be based on a
range of models and theories that contain a limited number of
behaviour change mechanisms, some of which may be overlap-
ping. Previous studies have identiﬁed and categorised a number
of behaviour change mechanisms (e.g. Fishbein et al., 2001; Michie
et al., 2005). In the present paper the major approaches used are
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examined, including the ‘‘rational model of man’’, behavioural eco-
nomics, health psychology, and social psychology. Behaviour
change mechanisms are extracted from these (see Table 2). The lit-
erature on factors inﬂuencing human behaviour is enormous (Maio
et al., 2007). From this vast volume of work, the aim has been to
identify the mechanisms which are the most relevant in a food
context and which can be targeted to induce changes at the wider
population level. As such, the list of mechanisms is not exhaustive
and may lack some obvious ones. For instance, behaviour change
mechanisms that are used in individual counselling have been
omitted (Spahn et al., 2010), e.g. those from Cognitive Behavioural
Theory (Beck, 1976), because, due to its cost, counselling rarely is
an option when aiming at changes at the wider population level.
Themechanisms listed in Table 2 includemost of those identiﬁed
in the context of promoting HIV preventive behaviour by Fishbein
and colleagues (2001), who suggested that intentions, environmen-
tal constraints and skills are necessary and sufﬁcient prerequisites
for the performance of any behaviour, whereas the other ﬁve
mechanisms in their list (anticipated outcomes/attitude, norms,
self-standards, emotion, and self-efﬁcacy) can be viewed as moder-
ators of the strength and direction of the intention. In the present
paper their list has been supplemented by considering mechanisms
related to habits (Verplanken & Wood, 2006; Wood & Neal, 2009),
stage theories (Prochaska & DiClemente, 1983; Schwarzer, 2008)
and goal setting (Gollwitzer, 1999;Gollwitzer&Brändstatter, 1997).
As illustrated in Fig. 2, behavioural outcomes can be the result
of conscious processes and intentions (Sections 1–3), or of habits
(Section 4) that bypass these processes and lead directly to behav-
iour (Triandis, 1977; Verplanken & Wood, 2006). The conscious
processing path starts with awareness, information processing
and belief formation. Awareness can increase information seeking,
but several cognitive mechanisms may interfere with people’s
information processing and thus ability to make strictly reasoned
decisions. According to most socio-psychological models, adopted
beliefs serve as input to conscious processing of pros and cons, so-
cial norms and self-efﬁcacy, which may result in an intention to
change food-related behaviour. Socio-psychological models have
been criticised for not addressing how to maintain good intentions
(Schwarzer, 2008), which may help explain the ‘‘intention-behav-
iour gap’’ that has been observed again and again (Schwarzer,
2008; Sheeran, 2002). Stages of change models and goal-setting
theories explicitly acknowledge the need for planning and behav-
iour maintenance in the post-intentional phases to facilitate
long-lasting behaviour change (Section 3 in Table 2). Repetition
of intentional behaviour may eventually lead to food-related habits
that are automatically triggered responses to environmental cues.
The last section of Table 2 concerns mechanisms relating to how
habits are formed and broken down. Below, each of the mecha-
nisms identiﬁed in relation to the folate example will be discussed.
Awareness of folate and information processing
Being aware of a problem or recognising a need to change is a
starting point for seeking solutions and making volitional changes
in one’s behaviour. Awareness of folate recommendations and how
to comply with them may be raised by providing information.
Beliefs are acquired and changed through a learning process.
Learning may take place through active information seeking and/
or passive information acquisition. Economic theory acknowledges
that people may not be fully aware of the consequences of their
Fig. 1. Process of eating behaviour contributing to the micronutrient intake.
Table 1
Examples of behaviour changes related to changes in folate intake.
Choices – availability for the individual
 Purchasing/choosing foods that are naturally good sources of folates (e.g. green vegetables, dried beans, liver and whole grain products)
 Purchasing/choosing products fortiﬁed with folic acid
 Purchasing supplements containing folic acid (in the form of pills, capsules or herbal preparations)
Meal patterns and eating habits – intake
 Switching from reﬁned grain products to whole grain products
 Increasing use of whole grain products as snacks
 Including green vegetables and dried beans in meals
 Adoption of new storage conditions, recipes and cooking methods that conserve the folate content
 Switching to fortiﬁed products
 Taking supplements regularly
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behaviour and possible solutions, but assumes they will search for
and process additional information (if provided to them at no cost),
which subsequently may affect their beliefs. Stage models, like the
Precaution Adoption Process Model (Weinstein & Sandman, 1992)
and the Trans-Theoretical Model of change (Prochaska & DiClem-
ente, 1983; Prochaska & Velicer, 1997), recognise the need to pro-
vide information about the possible health risks to shift people
from being unaware (or under-aware) of an issue to being aware.
Information is necessary but not sufﬁcient to increase aware-
ness among the target population. Due to attention bias people tend
to favour messages they ﬁnd personally relevant and in order for
information to have an impact, women of fertile age should both
be aware of the problem and recognise themselves as belonging
to the target group. Awareness of the increased need for folate be-
fore and during early stages of pregnancy may result in different
motivational states depending on whether one is planning to get
pregnant or not. For women planning pregnancy, searching for
information may be an active part of preparation. Women trying
or planning to get pregnant are more likely to actively seek and
process information about prenatal health. Accordingly, this group
of women may not only be well aware of the folate issue and foods
that are naturally good sources of folate, but also highly motivated
to look after their own health and that of their unborn child.
According to the Health Belief Model (Rosenstock, 1974), motiva-
tion is an important factor in health-promoting behaviours and
therefore this group is likely to be more responsive to information
about folate and more attentive to possible routes to reach the rec-
ommended intake. Even when women plan pregnancy, they may
not consider themselves as belonging to the target group because
they may perceive their folate intake to be higher than the intake
of women on average, or that their risk of neural tube defects in
their newborns is lower than for mothers in general. Research re-
fers to this cognitive mechanism as optimistic bias (Weinstein,
1984) and the consequence may be that these women disregard re-
lated health risk messages.
One of the challenges in inducing behaviour change, in particu-
lar among women not actively planning pregnancy, is hyperbolic
discounting. This relates to the fact that people tend to balance
the information about long-term beneﬁts against short-term re-
wards and this calculation results in a discount rate (Shapiro,
2005). Hence, as seemingly the risks are remote, these women
may perceive the long-term beneﬁts of maintaining an adequate
folate intake as less rewarding when balanced against the immedi-
ate beneﬁts of not preventing the folate deﬁcit (e.g. saving money
and less required effort).
Cognitive dissonance occurs when individuals hold beliefs that
are inconsistent, or when individuals’ actions and beliefs are
inconsistent (Festinger, 1957). Individuals experiencing cognitive
dissonance are assumed to take steps to reduce it, either (a) by
changing beliefs or actions to achieve consistency, or (b) by adopt-
ing new beliefs that overpower the dissonant belief (conﬁrmatory
bias) (O’Keefe, 1990). To mitigate discounting, Aronson’s hypocrisy
inducing technique (1999) may be used to promote choosing foods
high in folate. Futuremothersmay be confrontedwith the assertion
that they are likely to want the best for their unborn child, which
requires changes in their practices. A possible discrepancy should
result in an uncomfortable state, perhaps even feelings of shame,
which may induce these women to actually seek information about
the good sources of folates to avoid the cognitive dissonance asso-
ciated with their actions on the one hand and their self-image as a
caring parent on the other.
Choosing and purchasing foods naturally good sources of folate
Choosing foods naturally high in folates can be divided into rel-
atively clearly deﬁned behaviours (Table 1), but different factors
may promote or hinder these behaviours as they are related to
foods that have different roles in our eating behaviour. The feasibil-
ity of behaviour change can be assessed by using the Theory of
Planned Behavior (TPB) (Ajzen, 1991) as a framework and studying
the role of attitudes, subjective norms and perceived behavioural con-
trol in predicting the likelihood of women’s intentions to purchase
folate-rich foods.
According tomostmodels of behaviour, it is assumed that people
decidewhich foods to purchase by balancing costs and beneﬁts. Thus,
ifwomenperceive a net beneﬁt from increasing their folate intake, it
Table 2
Mechanisms of behaviour change.
Behaviour change mechanisms facilitating/
mitigating change
Major theories/models
where the behaviour
change mechanism is used
1. Mechanisms affecting belief formation
Cognitive mechanisms E.g. Behavioural economics,
Social psychology
Attentions bias
Optimistic bias
Hyperbolic discounting
Cognitive dissonance
Loss aversion/Framing
Heuristics
2. Mechanisms of intention formation
Decisional balance
Pros and cons/cost-beneﬁt/outcome
expectancies
Rational model of man’’,
SCTa, HBMb, PMTc, TTMd,
HAPAe
Attitudes TRAf, TPBg, TIBh
Motivational factors E.g. HBMb
Social inﬂuences
Subjective norms, injunctive norms TRAf, TPBg, TIBh
Model learning, descriptive norms SLTi, SCTa
Control mechanisms
(Action) self-efﬁcacy SCTa, PMTc, TTMd, HAPAe
Perceived behavioural control TPBg
3. Adopting and maintaining behaviour
Coping and recovery self-efﬁcacy HAPAe
Planning and goal setting
Implementation intentions E.g. Gollwitzer (1999)
Action and coping planning HAPAe
4. Habits and routines
Accumulated experience with behaviour TIBh
Strength of habit E.g. Verplanken and Wood
(2006)
Change in contextual factors,
e.g. environmental cues
E.g. Verplanken and Wood
(2006)
Life-transition stages/imposed changes E.g. Chapman and Ogden
(2009)
a SCT = Social Cognitive Theory
b HBM = Health Belief Model
c PMT = Protection Motivation Theory
d TTM = Trans-Theoretical Model of change
e HAPA = Health Action Process Approach
f TRA = Theory of Reasoned Action
g TPB = Theory of Planned Behaviour
h TIB = Theory of Interpersonal Behaviour
i SLT = Social Learning Theory
2. Mechanisms of 
intention formation
1. Mechanisms of 
belief formation
3. Adopting and 
maintaining 
behaviour
4. Habits and 
routines
Fig. 2. Illustration of the relationship between behaviour change mechanisms.
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is more likely that they will be motivated to purchase folate-rich
foods. This weighing of pros and cons of a change in behaviour can
be termed as the decisional balance, or attitude towards the behav-
iour.Attitudes are a function of beliefs about the consequences of the
behaviour weighted by an evaluation of each outcome. However, as
described in the previous section, the cognitive mechanisms affect-
ing belief formation will play a role in assessing the possible out-
comes of behaviours. Strong positive beliefs paired with strong
negative beliefs reﬂect a degree of attitudinal ambivalence. In rela-
tion to food choice, studies have demonstrated that people with
higher ambivalence in their beliefs show less consistency between
attitudes and behaviour (Conner, Povey, Sparks, James, & Shepherd,
2003; Conner et al., 2002). If people believe that it is important to
ensure sufﬁcient folate intake by buying whole-grain products,
but at the same time they are averse to the palatability of whole-
grain products thus doubting whether the household will actually
eat them, it is difﬁcult to predict the behavioural outcome.
Some outcome expectancies may be strongly linked to affective
and emotional responses. Future mothers’ perceived risk of foetal
neural tube defects in their new-borns may be associated with fear.
Affective responses and emotions can be regarded as independent
factors inﬂuencing behaviour as in Theory of Interpersonal Behav-
ior (TIB) (Triandis, 1977),or considered as the affective beliefs be-
hind attitudes resulting in considerable overlap between attitude
and emotion (Fishbein et al., 2001).When anticipating positive
and negative self-sanctions, such as feelings of fear, delight, anxi-
ety and repulsion, they can be viewed as outcome expectancies
having an impact on decisional balance.
Subjective norms act as a guide to how people think that others
expect them to behave and may therefore facilitate or mitigate in-
creased folate intake. People tend to comply to some degree with
what those who are important to them want them to do (Ajzen
& Fishbein, 1980). In addition to subjective norms, injunctive norms
refer to an individual’s appraisal of the overall social support for
certain behaviours within a culture (Cialdini, Kallgren, & Reno,
1991). Injunctive norms may promote choosing foods high in folate
if it is perceived to be what is expected of a young woman and the
right thing to do in one’s social and cultural environment. How-
ever, injunctive norms may also act as barriers to behaviour
change: if the norm does not support the purchase of folate-rich
foods, for instance the apparently higher social status of reﬁned
grain products may act as an injunctive norm.
Another social inﬂuence is based on vicarious learning. Accord-
ing to Social Learning Theory (Bandura, 1977a), people tend to base
their behaviour on ‘‘model learning’’, which is closely related to
descriptive norms, i.e. perceptions of what most other people do,
or what they believe is commonly done. In campaigns promoting
folate intake, famous people, or people who are similar to the
target group (and therefore easy to identify with), can be used as
role models for increasing folate intake.
The last mechanism derived from TPB is perceived behavioural
control, which is predicted partly by beliefs about one’s capability
to perform behaviour and partly by beliefs about environmental
constraints, such as resource availability. Thus, the environment
must provide an opportunity, or be free of constraints, for realising
the desirable behaviours. In relation to this, some women may per-
ceive the availability and price level of folate-rich foods as insur-
mountable barriers to purchasing such foods, which again may
result in low perceived behavioural control.
Perceived behavioural control is closely related to the concept
of self-efﬁcacy, which is the central element of Social Cognitive The-
ory (Bandura, 1997c). Self-efﬁcacy refers to the conﬁdence in one’s
capability to perform a desired behaviour in different situations
(Bandura, 1977b, 1997c). People with higher self-efﬁcacy are more
motivated to change, will put more effort into their attempts to
change, and will have a better chance of succeeding. Although
perception of one’s capabilities may not always reﬂect a realistic
representation of the actual capability, it can nevertheless act as
a motivator for change. Due to its dynamic nature, self-efﬁcacy
evolves over time as success adds to a sense of self-efﬁcacy,
whereas failure in changing behaviour can reinforce the perception
of low self-efﬁcacy. Hence, two women who have the same knowl-
edge of natural sources of folate may differ in their capability to
use this information in their purchase behaviour.
When making changes in food choices, the elaborate weighing
of pros and cons does not always take place, because it requires ef-
fort. Prospect theory (Kahneman & Tversky, 1979) describes how
people are averse to risk of loss and thus reluctant to depart from
status quo. For instance, omitting foods associated with hedonic
pleasure from the shopping list to make room for green vegetables
and dried beans may be perceived as a loss. The decisions made by
individuals may depend on how the choices available are pre-
sented to them. Framing the choices in terms of loss instead of gain
can alter the decisions made, as can presenting the items in a dif-
ferent order. If the aim is to promote increased intake of folate, the
outcome may be framed either as reducing the risk of foetal neural
tube defects or as promoting the health of future offspring thereby
being a caring mother. Bounded rationality (Simon, 1982) takes the
complexity of everyday decisions (e.g. choice overload and clutter)
into account stating that people use cognitive short cuts, heuristics
to reduce the effort as a response to the cost of obtaining and pro-
cessing full information. As a consequence, simple heuristics may
be promoted in order to alter beliefs about barriers to choosing
the right foods, e.g. ‘‘the greener, the better’’.
Meal patterns and eating habits
A precondition for increasing intake of folate is purchasing
foods that are naturally good folate sources. Availability in the
household is, however, no guarantee that these food items will
actually be consumed in sufﬁcient quantities by individuals in
need of increasing their folate intake. A number of barriers related
to meal patterns and habits may emerge.
One could assume that unstructured eating occasions offer eas-
ier options to promote folate intake because they are less rule-
bound than meals. It may be relatively easy to include products
rich in folate (e.g. whole-grain products) as snacks. Yet foods
bought and consumed on the spot may be strongly inﬂuenced by
subjective norms that are related to other people’s presence and
expectations in that situation as described earlier in the section
on food choices. Whole-grain snacks would ﬁt nicely after sports
for instance, but the norms of one’s surroundings may inhibit eat-
ing of whole-grain snacks and thus function as a barrier to increas-
ing one’s folate intake.
In addition to continuum models like TPB assuming that the
same factors inﬂuence behaviour regardless of the type of behav-
iour, Prochaska andDiClemente (1983) introduced amodel that dis-
tinguishes different stages in the change process based on their
experience with smokers quitting their habit. The Health Action
Process Approach(HAPA) (Lippke, Ziegelmann, & Schwarzer, 2004;
Schwarzer, 2008) combines the stage and continuum models and
suggests that a change in behaviour is more likely to happen if
intentions are transformed into detailed instructions on how to per-
form the desired action. In the case of folate, this means planning
shopping lists and meals that contain folate-rich components. The
post-intentional phase in HAPA incorporates action planning (when,
where andhow to act (Gollwitzer& Sheeran, 2006)) and coping plan-
ning (the generation of alternative behaviours to overcome antici-
pated barriers (Schwarzer, 2008; Sniehotta, Scholz, & Schwarzer,
2005) as mediators of intentions and behaviours. Several authors
have found evidence for phase-speciﬁc self-efﬁcacy beliefs (Bandura,
1997c; Luszczynska& Schwarzer, 2003; Schwarzer & Renner, 2000),
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which suggests that some peoplemay be relatively good at planning
changes, but are challenged in maintaining the behaviour or taking
correcting actions when failing to go through with the actions
planned. As such, planning such coping may aid the formation of
strong beliefs about how to deal with barriers arising while adopt-
ing or maintaining a new behaviour (coping self-efﬁcacy), or getting
back on track after a potential setback (recovery self-efﬁcacy). In the
case of unstructured eating occasions with friends, one may antici-
pate and plan how to cope with reactions from friends as well as
how to avoid a setback due to temptations while, for instance,
snacking together in the sports cafeteria. Action planning may also
be required in order to turn good intentions into consuming the
‘right’ foods, e.g. by planningwhere andwhen to purchase andwhen
to bring a whole-grain snack.
Folates, however, mostly appear in foods that are part of struc-
tured eating occasions. Conventions for constructing meals provide
a speciﬁc room for green vegetables and dried beans on the plate.
Firstly, vegetables must be an integral part of a meal; otherwise the
behaviour change requires the household to re-assess their habit-
ual meal concept. Secondly, if certain vegetables are included, they
may need to be exchanged for ones providing folates, which may
require self-efﬁcacy in preparing and storing the leafy vegetables.
It is estimated that in the UK up to 50% of green vegetables bought
for household consumption actually goes to waste (WRAP, 2009).
In families, other household members’ negative attitudes may act
as an insurmountable barrier against including leafy vegetables
in the meal. This may require coping planning in order to increase
beliefs that support coping self-efﬁcacy, e.g. deliberately deciding
to ignore others’ opinions.
Planning in HAPA is related to implementation intentions (Gollw-
itzer, 1999; Gollwitzer & Brändstatter, 1997) that form cognitive
links between situational circumstances or opportunities and the
goal behaviour. Goals do not induce actions directly, but they
may lead to highly speciﬁc plans, which in turn induce actions
through mental simulation of success scenarios (Gollwitzer,
1999). Thus, promoting the use of meal plans and cooking skills
that provide foods sufﬁciently high in folates may be one way of
promoting action and coping self-efﬁcacy thus transforming the
good intention into a long-lasting behavioural change.
If habits are very strong, good intentions may fall short and even
implementation intentions may not be sufﬁciently powerful to
change behaviour (Verplanken & Faess, 1999). According to Trian-
dis’ (1977) Theory of Interpersonal Behavior, accumulated experi-
ence with a behaviour results in increased inﬂuence from habit
and decreased inﬂuence of intention. Habitual behaviour becomes
detached from the original motivating factors. Thus, changing those
factors (e.g. attitudes and intentions) will not necessarily change
the habit as their power to inﬂuence the behaviour has diminished.
Verplanken and Wood (2006) argue that habits may develop as
environment-response associations that gradually become stronger
in memory with repeated experience. Consequently, habitual re-
sponses may be triggered automatically by environmental cues
(Ouelette & Wood, 1998; Wood & Neal, 2009), e.g. meals are re-
peated at the same time in the same pattern without giving any
thought to the content. If the family’s habitual meal concept leaves
no place for green vegetables and dried beans, promoting increased
folate intake may fall short if not tailored to the habit strength.
Thus, such strong habits cannot be changed by inﬂuencingwomen’s
decisional balance (e.g. through informational campaigns). Rather
they require changes in the environmental cues, e.g. lower prices
due to subsidisation of folate-rich food products, active promotions
by food suppliers in speciﬁc use contexts, or addressing social
norms supporting habits (McKinlay, 1975, 1993).
Wood and colleagues (2005) have observed that established rou-
tines can be broken and new ones formed at certain life-transition
stages. Verplanken andWood (2006) suggest that health promotion
activities should take advantage of this. Accordingly, health inter-
ventions targeted at certain life-transition stages, where people
need to adapt to changes in their environment, may stand a better
chance of changing habitual behaviours. For instance, families
may be more responsive to changing habits, which otherwise miti-
gate (voluntarily) increasing folate intake, at life-transition stages,
such as when planning a pregnancy (Wood, Tam, & Guerrero Witt,
2005). Health professionals and family planning clinics might be
effective in imposing behaviour changes in these transition situa-
tions. Chapman and Ogden (2009) address a passive path to behav-
iour change, in which diet changes happen to people without them
initiating the change, although they are aware of it. Imposed changes
due to changing life circumstances fall into this category. If a work-
place canteen, for example, decides to add more green vegetables
andwhole-grain products to themenu offered to its employees, this
may impose an increase in folate intake.
Purchasing and regular use of supplements
It may not always be feasible or practical to increase folate in-
take through one’s diet, because the quantity of, for instance, green
vegetables one needs to eat is simply too large or too difﬁcult to
integrate into one’s meal patterns. An alternative to changing food
choices and eating patterns is to take folic acid as a supplement.
This requires less of an effort than altering one’s eating patterns,
but taking a supplement regularly still means that an individual
needs to establish a new routine. Thinking how and when to take
the supplement can be described as implementation intention plan-
ning (Gollwitzer, 1999). For instance, eating a supplement every
morning before breakfast links the behaviour to environmental
cues and establishes a habitual new routine. However, implemen-
tation intentions are more useful when forming new habits than
countering existing strong habits automatically cued by contexts
(Verplanken & Faess, 1999).
There are also pros and cons to consider when opting for a folic
acid supplement. When focusing on folates in the diet, one is likely
to get other beneﬁcial compounds as well from the good sources of
folates. Supplements guarantee the sufﬁcient intake if taken accord-
ing to recommendations, but on the other hand they may be costly
and perceived as taking the easy option, which may not correspond
to the subjective or injunctive norms that other people in one’s
community regard as responsible eating behaviour. In addition,
among young girls not actively planning pregnancy, taking a folic
acid supplement may be prevented by the suggestion that taking
the supplement signals acceptance of sexual activity. Supplements
also tend to be adopted more often by those who are health con-
scious, whereas the basic mechanisms of optimistic bias, discounting
the beneﬁts may decrease the willingness of the less health con-
scious to adopt folic acid supplements as part of eating behaviour.
Discussion and implications
Linking nutrient intake with behaviour change mechanisms
The objective of this paper is to explore the role of behaviour
change mechanisms in inducing changes in micronutrient intake
through volitional behaviour change. There are a number of behav-
iour change models that have been applied in promoting and
explaining changes in food choices and eating behaviour. In this
paper the different behaviour change mechanisms have been ex-
tracted from these models and aligned against inducing possible
changes in folate intake. The novelty of this paper is the attempt
to link nutrient intake with behaviour change by systematically
describing the mediating food-related behaviours that are required
to achieve the desired outcomes in nutrient intake. People do not
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choose nutrients, they choose foods that contain nutrients, and the
reasons for these choices are rarely articulated in nutritional terms
(Steptoe et al., 1995). Rather than trying to make a causal analysis,
or even to give an exhaustive view of all factors inﬂuencing folate
intake, this paper has attempted to reveal the challenges and pos-
sibilities of inducing behaviour changes in relation to folate intake.
Naturally this approach must be applied in a speciﬁc culture and to
dietary patterns within that culture but it is also important to use
this approach to consider whether promoting the behaviour
change is a feasible way of affecting nutrient intake.
This paper demonstrates that different models of behaviour
change from a range of behavioural sciences contain similar com-
ponents. Most of these models have been developed in other do-
mains than food and their direct applicability in explaining food
choices or eating behaviour has been limited. Food choices and eat-
ing behaviour differ from many other behaviours in two crucial
ways: Firstly, they contain a number of small decisions that each
have very little relevance, but cumulatively they add up to behav-
iour that has a big inﬂuence on health outcome. Secondly, these
consumption behaviours are necessary and characterised by
involving choices among alternatives and by extent rather than
dichotomous decisions either to do or not to do something. Inter-
vention studies in the food domain emphasise the need to use
atheoretical model when planning interventions (e.g. Ammerman,
Lindquist, Lohr, & Hersey, 2002; Glanz & Bishop, 2010; Prättälä,
Roos, Hulshof, & Sihto, 2002), but based on this paper we would ar-
gue that it is important to recognise and select the most relevant
behaviour change mechanisms in relation to the desired changes
in target behaviours, regardless of the origin of these mechanisms.
Forcing the complexity of food-related behaviour into models that
are developed in other ﬁelds of behavioural science may result in
artiﬁcial actions that bear no relevance on the food domain, or
alternatively omit some important factors. Dissecting the theories
in order to identify the most relevant mechanisms of change
provides a new approach to inﬂuencing food-related behaviours.
The approach can be used to develop new combinations of policy
options to target nutritional problems more efﬁciently, including
those related to micronutrients.
Mechanisms affecting behaviour
The cognitive mechanisms that inﬂuence people’s information
processing and belief formation propose a number of explanations
why the traditional approach of providing information to people
has not always been successful in changing behaviour. In their be-
lief formation people tend to actively process information in a way
that does not threaten their existing beliefs or practices and thus
have an impact on decisional balance. Although seen as factors that
interfere with reasoned behaviour, these mechanisms have a func-
tional role in information adoption. Embracing new beliefs openly
without these mechanisms would impose constant re-evaluation
of the decisional balance thereby requiring much effort to maintain
a cognitive balance. As keeping the balance may require behaviour
change, the change would become easier, but at the same time the
behaviour would be less stable. Although providers of information
or health promoters are aware of these mechanisms, their impact
is not always recognised as constraining or facilitating targeted be-
lief and behaviour changes. This article has tried to demonstrate
how the information may be interpreted based on these mecha-
nisms and why some messages are harder to convey than others.
Beliefs behind factors (e.g. attitudes, norms, self-efﬁcacy) inﬂu-
encing intention formation must be taken into account when for-
mulating messages. Cognitive dissonance can act as a barrier
against getting the information through, but it can also be used as
a tool to promote behaviour change when actively presented as a
problem that needs solving. Using emotional and affectivemessages
in changing beliefs behind attitudes may provide one way forward,
although in food behaviour the perceived risk and possible negative
outcomes have not inﬂuenced reported intentions to change behav-
iour in any strongway (e.g. Henson, Cranﬁeld, &Herath, 2010; Vass-
allo et al., 2009). Similarly social inﬂuences and norms can act as
barriers or facilitators of behaviour change, but it is important to
be able to link the desired changes in nutrient intake with those
behaviours that are required in relation to food choices and eating.
Social factors are likely to be more important in relation to meals
and other structured eating occasions as these are typically enjoyed
repeatedly in similar social contexts at home and at work, whereas
unstructured eating occasions can vary in their social context from
eating alone to sharing with friends or public eating. To effectively
change unstructured eating occasions, the social context must be
recognised as a factor that inﬂuences the behaviour change.
In changing food related behaviours little emphasis has been put
on behaviour maintenance. Many interventions aim at changing
behaviour and applying goal setting and implementation intentions,
but there is less understanding of how changed behaviour can be
maintained and how to support its maintenance. In part this may
bedue to the complexityof food-relatedbehaviours,wheredifferen-
tiating between behaviour change and behaviour maintenance can
be difﬁcult. Taking supplements or not taking supplements can
moreeasily be aligned to clearly distinguishable stages. For instance,
in eating leafy vegetables as part of themeal, themaintenance canbe
deﬁned as every meal, every other meal, or as three times per week.
Food choices and eating behaviour are largely habitual behav-
iours with repetitive low involvement choices that require very lit-
tle active decision-making. From a nutritional point of view this
creates an additional challenge. Hence, when translating nutrient
intake into possible behavioural changes contributing to the in-
take, one needs to assess how such behaviours are embedded in
daily routines. People tend to be unaware of decisions they make
in relation to habitual behaviours. Breaking automatically cued
behaviour patterns therefore requires actions that either make
people more aware of their behaviours or disrupt the habitual pat-
terns by environmental changes. Environmental changes may in-
clude monetary subsidies or affecting the availability of relevant
foods in order to promote more deliberate decision-making. Often,
inducing change in nutrient intake may be easier by accommodat-
ing current behaviour patterns and by changing the availability of
the nutrient in products that people already eat, e.g. by folic acid
fortiﬁcation. In the case of folate, many countries have found this
to be a more efﬁcient way to reach sufﬁcient levels of the nutrient.
However, in other countries fortiﬁcation is seen as problematic be-
cause it forces individuals to take the nutrient rather than provid-
ing them with an opportunity to make an informed choice.
Limitations of the study
The approach taken in this study has some limitations. Instead
of trying to take a comprehensive approach to the complexity of
food choices and eating behaviour this article has tried to unravel
the puzzle of linking nutrient intake and behaviour change by
using one nutrient as an example. However, using one nutrient
as a starting point shows the complexity of the relationship be-
tween nutrition and behaviour in the food domain. Trying to inte-
grate the required changes in behaviour in relation to increasing
the intake of several micronutrients (e.g. iron, calcium, vitamin
D) would be even more challenging. Sometimes there may also
be a need to reduce the intake of a micronutrient, as is the case
of sodium in many countries.
Similarly the choice of behaviour change mechanisms can be
criticised as being arbitrary to some extent. However, instead of
trying to cover all possible mechanisms, this article has focused
on the ones that are applicable in relation to food-related
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behaviours and at the wider population level and then to describe
how these mechanisms could work in the case of folate. Therefore
this paper is not meant as a solution to induce behaviour change in
relation to folate intake, but merely to demonstrate which factors
must be considered in any speciﬁc condition where there is a dis-
crepancy between desired and actual intake of a micronutrient and
how narrowing this discrepancy can be translated into desired
changes in behaviour.
In doing a general overview of choice and eating behaviour, the
cultural aspects have been demonstrated by examples of possible
inﬂuence. To thoroughly study the social inﬂuences one would
need to do this in a culture-speciﬁc manner.
Conclusions
When considering the policy options that are most effective in
producing desired outcomes in micronutrient intake, decision-
makers should consider whether the outcome can be best reached
by trying to inﬂuence the behaviour of the target population, or by
promoting changes in the environment, e.g. food supply, or per-
haps by combining these options. Inducing changes in food-related
behaviours in the target group requires understanding of the inter-
play between individual, social, cultural, and food-related inﬂu-
ences on choices and eating, e.g. how habitual the behaviours are
and whether social norms can be used to support desired changes
(Verplanken & Wood, 2006). Policy options that require no or only
limited changes (e.g. fortiﬁcation) may be considered as possible
alternatives to campaigns that target individuals and their eating
patterns. The folate example demonstrates the complexity of pos-
sible behavioural changes when targeting a single micronutrient
and having a relatively narrowly deﬁned main target group. The
jigsaw of behaviour change and possible desired and undesired
outcomes becomes much more complicated when multiple micro-
nutrients enter the equation.
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